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SRSXODWLRQ DQG UDZ PDWHULDO FRQVXPSWLRQ %H\RQG WKH











LQGXVWULDO DQG FRQVXPHU SHUVSHFWLYHV DUH SXVKLQJ IRUZDUG
UHVHDUFK LQ WKLV ILHOG )URP RQH VLGH LQQRYDWLYH UHF\FOLQJ
SURFHVVHV DUH EHFRPLQJ DWWUDFWLYH IRU WKHLU HFRQRPLF
SRWHQWLDOLWLHVWRHDUQPRQH\IURPZDVWHVSURYLGLQJDOVRQHZ
MRE RSSRUWXQLWLHV )URP WKH RWKHU VLGH WKH UHPDQXIDFWXULQJ
VWUDWHJ\LVEHFRPLQJHYHQPRUHDWWUDFWLYHWKDQUHF\FOLQJIRULWV
SRVVLELOLW\ WRJLYHDVHFRQG OLIH WRXVHGFRPSRQHQWVZLWKDQ
LPSRUWDQWFRVWVDYLQJFRPSDUHGZLWKQHZSURGXFWV
7KH DERYH VFHQDULRV ZLWK WKH UHODWHG HFRQRPLF




&XUUHQWO\ LQGHHG WKH GHVLJQ IRU 5HPDQXIDFWXULQJ
5HF\FOLQJDQG'LVDVVHPEO\DUHMXVWWKHRUHWLFDOFRQFHSWVZLWK
D OLPLWHG DSSOLFDWLRQ ZLWKLQ D UHDO LQGXVWULDO FRQWH[W 7KH
DFDGHPLFDQGLQGXVWULDOVWDWHRIDUWGRQRWFRQWDLQDQ\YLUWXRXV
DSSURDFKZKHUH WKH NQRZOHGJH RI GLVPDQWOHUV DQG UHF\FOLQJ
FHQWHUV DUH IRUPDOL]HG DQG RUJDQL]HG LQ RUGHU WR EH XVHGE\
GHVLJQHUVIRUWKHUHGHVLJQRIJRRGVDQGSURGXFWV0DQ\FDVH
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2. Related research works on product disassemblability 
and disassembly knowledge





7KH ZDVWH UHGXFWLRQ LV D NH\ FKDOOHQJH IRU WKH PRGHUQ
VRFLHW\ KHQFH PDQ\ UHVHDUFKHV DUH IRFXVHG RQ WKLV WRSLF
/HGHUHUHWDO>@SUHVHQWDPHWKRGWRJDWKHUNQRZOHGJHIURP
WKHVWDNHKROGHUVRIWKHGLVPDQWOLQJVHFWRULQRUGHUWRRSWLPL]H
WKH ZDVWH PDQDJHPHQW +RZHYHU WKH NQRZOHGJH LV QRW
IRUPDOL]HGLQDZD\WKDWFDQEHXVHGE\GHVLJQHUVVRWKDWRQO\
PDUJLQDOEHQHILWVFDQEHDFKLHYHGWRZDUGWKHZDVWHUHGXFWLRQ
5H\HV HW DO >@ SUHVHQW D WKHRUHWLFDO IUDPHZRUN RI D WRRO WR
UHSUHVHQW WKHNQRZOHGJHRIGLVPDQWOLQJSURFHVVHVEXWDV WKH
SUHYLRXVFDVHWKHNQRZOHGJHLVQRWFROOHFWHGIRUHQJLQHHUVXVH
7HUD]RQR >@ VWXGLHG WKHDGYDQWDJHVRI VKDULQJ WKH UHF\FOLQJ
NQRZOHGJH DPRQJ VWDNHKROGHUVRI WKH VDPH VHFWRU EXW QRQH
PHWKRGV WR IRUPDOL]H WKH NQRZOHGJH KDYH EHHQ SURSRVHG
$FFRUGLQJ WR D UHVHDUFK OHDG E\ /L HW DO >@ WKH GHVLJQHUV¶
DWWLWXGHDQGSHUFHLYHGEHKDYLRUDOFRQWUROKDYHWKHODUJHVWDQG
PRVW VLJQLILFDQW HIIHFWV RQ WKH ZDVWH PLQLPL]DWLRQ VR LW LV
QHFHVVDU\WRJLYHWKHPWKHUHTXLUHGNQRZOHGJH
$QRWKHUDSSURDFK IRU WKHZDVWH UHGXFWLRQ LV VXJJHVWHGE\
'DV HW DO >@ZKLFK SUHVHQW D VWDQGDUG FRGLQJ VWUXFWXUH IRU
GRFXPHQWLQJ DQG WUDQVPLWWLQJ WKH GLVDVVHPEO\ NQRZOHGJH WR
GLVPDQWOHUV 7KH DXWKRUV H[SHFW WKDW LQ WKH QHDU IXWXUH WKH
SURGXFWPDQXIDFWXUHUV ZLOO FUHDWH DQG GLVWULEXWH WKH SURGXFW
%LOO RI 0DWHULDOV WR SRWHQWLDO FROOHFWLRQ DQG GLVDVVHPEO\
IDFLOLWLHVWKURXJKSURGXFWODEHOOLQJRUDSXEOLFDFFHVVZHEVLWH
7KLVLVDQDWWUDFWLYHVFHQDULRZLWKIXUWKHUSRWHQWLDODGYDQWDJHV
7KHVH DGYDQWDJHV FDQ EH DFKLHYHG LI UHF\FOLQJ SUREOHPV DUH
IDFHGGXULQJWKHGHVLJQVWDJHE\DGRSWLQJ'HVLJQIRU(QGRI
/LIHDQG'HVLJQIRU'LVDVVHPEO\WKHRULHV





FRQVLVWLQJ RI WZR PDMRU VWHSV ILUVWO\ DQ HYDOXDWLRQ RI
DVVHPEODELOLW\ DQG GLVDVVHPEODELOLW\ DQG VHFRQGO\ WKUHH
GLIIHUHQW UHFRYHU\ UDWHV 7KLV VROXWLRQ DOORZV GHVLJQHUV WR
H[SORUHGLIIHUHQWDVVHPEO\DOWHUQDWLYHVLQRUGHUWRILQGWKHRQH
WKDWOHDGVWKHKLJKHVWSHUFHQWDJHRIFRPSRQHQWVZLWKDFORVHG




7KH 'HVLJQ IRU 'LVDVVHPEO\ WRSLF ZDV KLVWRULFDOO\




DQ DQLPDWHG VHTXHQFH*HUPDQL HW DO >@ KDYH LGHQWLILHG D
PHWKRG WR FDOFXODWH WKH GLVDVVHPEO\ WLPH FRQVLGHULQJ
SUHFHGHQFHDPRQJFRPSRQHQWVDQGZRUNLQJRQDGDWDEDVHRI





PDNLQJ PRGHO WR DVVLVW GHVLJQHUV LQ VHOHFWLQJ IDVWHQHUV IRU
'HVLJQIRU'LVDVVHPEO\'I'
7KH DERYH SUHVHQWHG DSSURDFKHV GHVFULEH PDLQO\
PHDQLQJIXO DOJRULWKPV WR DVVHVV GLVDVVHPEODELOLW\ EXW WKH
NQRZOHGJHRIGLVPDQWOHUVLVQRWFRQVLGHUHG7REULGJHWKLVJDS
6RK HW DO >@ SURSRVH D FRQFHSWXDO IUDPHZRUN EDVHG RQ
SUDFWLFDO FRQVLGHUDWLRQV WR DLG WKH SURGXFW GHVLJQHU LQ
SULRULWL]LQJWKHUHOHYDQW'I'JXLGHOLQHVWKDWFRXOGEHXVHGWR
LQFUHDVH WKH HIILFLHQF\ RI UHWULHYLQJ D KLJK YDOXH FRUH RI D
SURGXFW IRU UHPDQXIDFWXULQJ $OWKRXJK WKH NQRZOHGJHEDVHG
DSSURDFK LW GRHV QRW SUHVHQW D PHWKRG WR FDSLWDOL]H WKH
















LQIOXHQFH RQ EXLOGLQJZDVWH NQRZOHGJH QHDUO\ WZLFH WKDW RI
GDWDLQIRUPDWLRQ DQG WKUHH WLPHV WKDW RI WKHRU\ 7KLV LV D
ZLGHVSUHDGFRQFOXVLRQLQWKHVHFWRURIHZDVWHV
)RU DOO WKH DERYH UHDVRQV GXULQJ WKH ODVW \HDUV VHYHUDO
VWXGLHV DUH DLPLQJ WR GHYHORS FRQFHSWXDO IUDPHZRUNV IRU
PDQDJLQJWKH(R/NQRZOHGJHWRVXSSRUWGHVLJQHUVGXULQJWKH
SURGXFW FRQFHSW DQG HPERGLPHQW SKDVHV ZLWK EHWWHU
HQYLURQPHQWDO SHUIRUPDQFHV IURP D V\VWHPSHUVSHFWLYH 7KH
SXUSRVH LV WKH VKDULQJ RI (R/ LQIRUPDWLRQ DPRQJ SURGXFW
GHVLJQHUVDQG(R/VWDNHKROGHUV,QSDUWLFXODUWKHWDUJHWLVWKH
NQRZOHGJH PDQDJHPHQW GXULQJ WKH GHVLJQ SURFHVV >@
(QWHUSULVHV DUH VR IRFXVLQJ PRUH DQG PRUH RQ NQRZOHGJH
LVVXHVIRUJOREDOSURGXFWGHYHORSPHQW;XHWDO>@SURSRVHD
NQRZOHGJHHYROXWLRQSURFHVVLQSURGXFWGHYHORSPHQWDFWLYLWLHV
DQG D NQRZOHGJH HYDOXDWLRQ PHWKRG LQ SURGXFW OLIHF\FOH
GHVLJQ9DUHLOOHV HW DO >@ LQYHVWLJDWH KRZ LW LV SRVVLEOH WR
VXSSRUWGHVLJQGHFLVLRQVZLWKWZRGLIIHUHQWWRROVUHO\LQJRQWZR
NLQGV RI NQRZOHGJH FDVHEDVHG UHDVRQLQJ RSHUDWLQJ ZLWK
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LQVWDQFH 7KH SDSHU LV IRFXVHG RQ WKHVH WZR DVSHFWV DQG LW
SUHVHQWVDQDSSURDFKIRUWKHIRUPDOL]DWLRQRIWKHGLVPDQWOHU¶V
NQRZOHGJHZLWKWKHDLPWRVXSSRUWGHVLJQHUV







WKH 'LVDVVHPEO\ .QRZOHGJH '. PDQDJHPHQW 7KH
'LVDVVHPEO\ .QRZOHGJH 'DWDEDVH '. '% LV WKH VWDUWLQJ
SRLQWIRUWKHGHILQLWLRQRIDOLVWRIUXOHVDQGJXLGHOLQHVDYDLODEOH
IRU GHVLJQHUVGXULQJ WKHGHILQLWLRQRI WKHSURGXFWPRGHO DQG
DUFKLWHFWXUHHDUO\GHVLJQSURFHVV
 *HQHUDOIUDPHZRUN
$Q RYHUDOO LGHD RI WKH GHVLJQ IRU GLVDVVHPEO\ DSSURDFK
EDVHGRQ'.LVSUHVHQWHGLQ)LJ7KHJDSEHWZHHQWKH'HVLJQ
'HSDUWPHQWVDQGWKH'LVDVVHPEO\3ODQWVLVGHSHQGHQWE\QRW
RQO\ WKH SK\VLFDO GLVWDQFH EXW DOVR FRQVLGHULQJ WKH WHPSRUDO
WLPHODSVHIURPWKHSURGXFWGHVLJQWRWKHSURGXFW(R/WKHVR
FDOOHG SURGXFW OLIHF\FOH 1RZDGD\V GLVDVVHPEO\ DQG
LQGXVWULDOZDVWHWUHDWPHQWSODQWVKDYHDODUJHNQRZOHGJHDQGD
















,Q WKLV SDUDJUDSK WKH ZRUNIORZ DGRSWHG IRU WKH








LQ WKH:((( GLUHFWLYH WKH SXUSRVH RI WKLV ILUVW VWHS LV WKH
FODVVLILFDWLRQ RI SURGXFWV DQG JRRGV EDVHG RQ UHF\FOLQJ RU
UHPDQXIDFWXULQJSRLQWRIYLHZ7KLVPHDQVWKHJURXSLQJRIWKH
SURGXFWVLQIDPLOLHVEDVHGRQWKH(R/WUHDWPHQWZKLFKWKH\DUH
VXEMHFWHG )XUWKHUPRUH LQ WKLV VWHS WKH PDLQ FRPSRQHQWV
ZKLFK UHTXLUHG D VHOHFWLYH GLVDVVHPEO\ WDUJHW FRPSRQHQWV
KDYHEHHQFROOHFWHGIRUHDFKSURGXFWRUSURGXFWIDPLO\7KH







7KH JRDO RI WKLV VWHS LV WR FODVVLI\ WKH SUREOHPV DQG WKH
SRVLWLYHIHHGEDFNVREVHUYHGGXULQJPDQXDOGHPDQXIDFWXULQJ
RSHUDWLRQV 'LVDVVHPEO\ SUREOHPV FDQ EH RULJLQDWHG IURP
GLIIHUHQWDVSHFWVRIWKHSURGXFWGLVDVVHPEO\LWVHOI$QRYHUDOO
FODVVLILFDWLRQ RI GLVDVVHPEO\ SUREOHP FDWHJRULHV LV SURSRVHG
EHORZ
x $VVHPEO\ PHWKRG DQG W\SH WKUHDGHG HOHPHQW ZHOGLQJ
VQDSILWVJOXHHWF




x +DQGOLQJ FXWWLQJHGJHV VPDOOSDUWV WRPDQLSXODWH KHDY\
SDUWVHWF
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IDPLO\ DQG WKH FRPSRQHQW LQ ZKLFK KDV EHHQ REVHUYHG
)XUWKHUPRUHLWPXVWEHOLQNHGZLWKWKHPDWHULDOVLQYROYHGWKH
VROXWLRQ DGRSWHG DW WKH GLVPDQWOLQJ FHQWHU DQG WKH RYHUDOO
SURGXFW FRQGLWLRQ ZHDU GXVW HWF ,Q WKLV ZD\ D










DLP WR KDYH D UHODWLRQ DPRQJ WKHVH FDWHJRULHV +HQFH D
GHVLJQHU ZKR LV LQWHUHVWHG LQ WKH GHYHORSPHQW RI VSHFLILF
FRPSRQHQW FDQ DOVR XQGHUVWDQG LQ ZKLFK SURGXFW WKLV
FRPSRQHQWLVXVHGDQGZKLFKNLQGRIDVVHPEO\FRQQHFWLRQVDUH











DQG LQWURGXFWLRQ 7KH'. 7RRO LV WKH LQWHUIDFH EHWZHHQ WKH
HQJLQHHUVDQGWKH:(((GLVDVVHPEO\RSHUDWRUVDEOHWRFUHDWH









*HQHUDO SURGXFW GHVLJQ IRU GLVDVVHPEO\ JXLGHOLQHV KHOS
HQJLQHHUVLQWKHGHILQLWLRQRIWKHSURGXFWVWUXFWXUHWKHRYHUDOO
SURGXFW DUFKLWHFWXUH WKH OD\RXW RI WKH SURGXFW PRGXOHV WKH
PDWHULDOVHOHFWLRQWKHDVVHPEO\PHWKRGVDQGWKHFRPSRQHQWV
PDWHULDOV ZKLFK QHHGV WR EH UHPRYHG EHIRUH ILQDO WUHDWPHQW
VKUHGGLQJ HWF $QRWKHU SRLQW RI YLHZ LV WKH DQDO\VLV RI
GLVDVVHPEO\ ULVNV OLQNHG ZLWK WKH GHYHORSPHQW RI D VSHFLILF






6SHFLILF FRPSRQHQW GHVLJQ IRU GLVDVVHPEO\ JXLGHOLQHV
VXSSRUWHQJLQHHUVDQGGHVLJQHUVWRDYRLGWKHXVHRIIRUELGGHQ
PDWHULDOV DQG WR FKRRVH WKH EHVW DVVHPEO\ PHWKRG ZKLFK
JXDUDQWHH D GHWHUPLQHG GLVDVVHPEO\ WLPH FRQVLGHUHG DV D
WKUHVKROG YDOXH IRU PDWHULDO VHSDUDWLRQ IRU UHF\FOLQJ RU
UHPDQXIDFWXULQJ )XUWKHUPRUH XVHIXO LQIRUPDWLRQ DERXW WKH
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VSHFLILFSRVLWLRQDQG OD\RXWRI WKHFRPSRQHQW LQ WKHSURGXFW
FDQEHKLJKOLJKWHGVXFKDVWKHUXOHVWRPDNHHDV\WKHKDQGOLQJ
RSHUDWLRQV$QRWKHU DVSHFW LV WR IRFXV RQ DVVHPEO\PHWKRGV
DQGW\SRORJLHVUHODWHGWRWKHFRPSRQHQWXQGHUGHYHORSPHQW,Q
WKLVFDVH WKHYLHZSRLQW LVVKLIWHGIURPWKHFRPSRQHQW WR WKH
DVVHPEO\PHWKRGVQDSILWVWKUHDWHGHOHPHQWVZHOGLQJHWF
7KH GHVLJQ IRU GLVDVVHPEO\ UXOHV DUH YDOLG IRU WKH VSHFLILF
FRPSRQHQWEXWDUHDOVRJHQHUDOIRUDOOWKHSDUWVLQWKHDVVHPEO\
ZKLFK DUH DVVHPEOHG ZLWK WKRVH HOHPHQWV )RU H[DPSOH
FRQVLGHULQJWKHWKUHDGHGHOHPHQWVLWLVSRVVLEOHWRXQGHUOLQHLQ
ZKLFKFRPSRQHQWVWKUHDWHGHOHPHQWVDUHXVHGZKLFKNLQGRI
WKUHDGHG HOHPHQWV DUH LQYROYHG VFUHZ QXW EROW HWF DQG
GUDZEDFNVDQGDGYDQWDJHVRIWKLVDVVHPEO\W\SH)XUWKHUPRUH
FRQVLGHULQJWKDWWKUHDGHGHOHPHQWVDUHXVHGLQGLIIHUHQWSURGXFW
IDPLOLHV VRPH XVHIXO LQIRUPDWLRQ FDQ EH UHWULHYHG IURP WKH
VDPHDVVHPEO\W\SHFRPLQJIURPRWKHUSURGXFWVRUIDPLOLHV
4. Preliminary implementation
&XUUHQWO\ SUHOLPLQDU\ DFWLYLWLHV KDYH EHHQ SHUIRUPHG WR
SUDFWLFDOO\ LPSOHPHQW WKH SURSRVHG DSSURDFK GDWDEDVH DQG
WRRO ,QSDUWLFXODU WKH\PDLQO\ UHJDUGHG WKH FODVVLILFDWLRQ RI
SURGXFWV FRPSRQHQWV DQG DVVHPEO\PHWKRGV DVZHOO DV WKH
FROOHFWLRQRIDVPDOODPRXQWRIJXLGHOLQHVXVHIXOWRFUHDWHWKH
VWUXFWXUH DQG SRSXODWH WKH NQRZOHGJH UHSRVLWRULHV $OO WKH







LQ DOPRVW DOO WKH GLIIHUHQW PRGHOV RI D SURGXFW IDPLO\
0RUHRYHU WKHPRWLYDWLRQVWRLOOXVWUDWHZK\LW LVQHFHVVDU\ WR
FRQVLGHU WKHVH FRPSRQHQWVIXQFWLRQDO JURXSV GXULQJ WKH


























RI DOO WKH SRVVLEOH OLDLVRQV EHWZHHQ FRPSRQHQWV RU VXE











WR FROOHFW NQRZOHGJH DQG GHILQH GHVLJQ IRU GLVDVVHPEO\
JXLGHOLQHV DVVRFLDWHG WR SURGXFW IDPLOLHV HJ ZDVKLQJ
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7DEOH$VVHPEO\W\SHUHODWHGJXLGHOLQHV



















5. Conclusions and Future developments







ZKLOH WKH VHFRQG RQH UHSUHVHQWV WKH PHDQ WR VKDUH DQG
HIIHFWLYHO\ UHXVH WKH FROOHFWHG JXLGHOLQHV 7KH '. 7RRO LV
FRQFHLYHGWREHXVHGERWK






WKH GHVLJQ SKDVH IURP GLIIHUHQW SHUVSHFWLYHV*XLGHOLQHV DUH
GLYLGHGLQJHQHUDOZKLFKDUHUHODWLYHWRDOPRVWDOOWKHSURGXFWV
SURGXFWRULHQWHG ZKLFK DUH UHODWLYH WR RQH RU PRUH SURGXFW
IDPLOLHV FRPSRQHQWRULHQWHG ZKLFK DUH UHODWLYH WR VSHFLILF
VWDQGDUG WDUJHW FRPSRQHQWV DQG ILQDOO\ DVVHPEO\ PHWKRG
RULHQWHG ZKLFK DUH UHODWLYH WR WKH FRQQHFWLRQV EHWZHHQ
FRPSRQHQWVVXEDVVHPEOLHVZLWKLQDSURGXFW
7KH ILUVW LPSOHPHQWDWLRQ DFWLYLWLHV GHYHORSHG LQ VWULFW
FROODERUDWLRQZLWKGLIIHUHQW,WDOLDQGLVPDQWOLQJFHQWHUVPDLQO\
UHJDUGHG WKH FODVVLILFDWLRQ RI SURGXFWV VWDQGDUG WDUJHW




EHHQSHUIRUPHG IXWXUHZRUNVZLOO EHPDLQO\ IRFXVHG RQ WKH
GHYHORSPHQWRI WKH'.'DWDEDVH DQG'.7RRO7KHQHHGHG
IXQFWLRQDOLWLHV DQG XVHU LQWHUIDFHV ZLOO EH GHILQHG LQ
FROODERUDWLRQZLWK DOO WKH SRWHQWLDO HQGXVHUV PDQXIDFWXULQJ
DQGGLVPDQWOLQJFRPSDQLHV7KHDYDLODELOLW\RI WKHVRIWZDUH





>@ (XURSHDQ 3DUOLDPHQW DQG&RXQFLO 'LUHFWLYH (& RI  -DQXDU\




>@ (XURSHDQ 3DUOLDPHQW DQG&RXQFLO 'LUHFWLYH (& RI 2FWREHU
RQWKHW\SHDSSURYDORIPRWRUYHKLFOHVZLWKUHJDUGWRWKHLUUHXVDELOLW\
UHF\FODELOLW\ DQG UHFRYHUDELOLW\ DQG DPHQGLQJ &RXQFLO 'LUHFWLYH
((&
>@ /HGHUHU - 2QJDWDL $ 2GHGD ' 5DVKLG + 2WLP 6 1DEDDVD 0 7KH
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